Herpes simplex virus type 1 (HSV-1) has been isolated from explanted human corneas after cultivation in vitro. To determine whether HSV-1 is persistent or latent in corneal cells, a system to study HSV-1 infection of rabbit corneal cells in vitro was developed. By elevation of the incubation temperature to 42 °C before and during HSV-1 infection it was shown that both keratocytes and epithelial cells support a nonproductive rather than a productive infection. On subsequent temperature reduction to 37 °C, infectious virus was released from both cell types. Addition of the viral inhibitor acycloguanosine during the last 5 days of a 14 day incubation at 42 °C did not reduce the frequency of viral shedding following transfer to 37 °C, indicating that corneal cells support a latent as opposed to persistent infection. Cultures which failed to shed virus spontaneously up to 29 days post-inoculation were superinfected at 37 °C, with an XbaI site deletion mutant of HSV-1. Restriction endonuclease analysis of progeny identified both the initial infecting virus and recombinants between the parental and superinfecting genomes.
INTRODUCTION
Herpes simplex virus (HSV) infection in man may affect the eye. Recurrent disease can lead to scarring of the cornea, visual impairment and eventually blindness. The disease has been shown to affect corneal epithelial cells (Coleman et al., 1969) , keratocytes (Kaufman, 1975) and endothelial cells (Vannas et al., 1983) .
Virus has been isolated from explanted corneas removed in the course of treatment for chronic stromal keratitis (Shimeld et al., 1982; Tullo et al., 1985) . The question arises whether virus is actually latent or persistent within corneal cells, or whether it is supplied from the trigeminal ganglia. In an attempt to distinguish between these possibilities we have developed an in vitro system using rabbit corneal cells as the host cells for an HSV-1 non-productive infection (Cook & Brown, 1986) . Rabbit corneal epithelial cells, keratocytes and endothelial cells were grown separately in culture and their purity was defined both morphologically and by cell-specific markers (S. D. Cook, D. A. Aitken & S. M. Brown, unpublished methods) . By temperature elevation to 41.5 °C, the three cells types were shown to be able to support a latent infection, defined as absence of infectious virus at 41.5 °C and release of infectious virus following transfer to 37 °C. Epithelial cells exhibited virus persistence, defined as a detectable low level infection at 41.5 °C. Pertinent to this finding is the fact that corneal epithelial cells divide and are shed in vivo whereas keratocytes although capable of replication tend not to divide in vivo whereas endothelial cells have little if any replicative ability in vivo (Davson, 1980; Maumenee & Kornblueth, 1949) .
The nature of the detection system makes our definition of latency arbitrary, for the dividing line between latency and persistence is narrow. It could be asserted that the assay system is not sensitive enough to detect low levels of virus shed at 41.5 °C. To answer this criticism we used 0000-7365 © 1987 SGM acycloguanosine (ACG) to treat infected cultures at supraoptirnal temperatures to eliminate any replicating virus.
Published studies of HSV latency in vitro have relied on superinfection either intertypically or by temperature-sensitive mutants at the non-permissive temperature (Wigdahl et al., 1984a, b; Nilheden et al., 1985; Russell & Preston, 1986) or by another herpesvirus, e.g. human cytomegalovirus (Colberg-Poley et al., 1979 . We have selected and isolated HSV genomes lacking XbaI sites normally present (Brown et al., 1984; Harland & Brown, 1985) . Restriction enzyme analysis of the progeny from intratypic superinfection using XbaI site deletion mutants distinguishes between resident and superinfecting genomes and permits easy identification of non-selected recombinants.
This paper presents data which show that (i) cells from a tissue in which HSV infection causes disease in man, i.e. corneal cells, are capable of supporting a non-productive or latent infection, (ii) apparently unchanged latent genomes can be reactivated by intratypic superinfection up to 29 days post-infection and (iii) resident latent genomes are capable of recombining with superinfecting virus. In addition a virus with a novel XbaI site has been isolated from latently infected cells.
METHODS

Growth of viruses and cells.
Virus stocks were grown and titrated in baby hamster kidney cells (BHK21/C13) cultured in Eagle's medium with 10% (v/v) calf serum (EC10). Strains of virus used were HSV-1 strain 17 (Brown et al., 1973) and the X2 variant of strain 17 which lacks the XbaI sites at 0.07 map units and 0-63 map units (Brown et al., 1984) .
Primary rabbit corneal cells were prepared by the method of Stocker et al. (1958) . Corneas of New Zealand white rabbits were prepared by microdissection. Endothelial cells were obtained by separating Descemet's membrane from the stroma and epithelial cells were separated from the stroma by dissection. Secondary cultures were obtained by splitting primary cultures 1 : 2 with trypsin/EDTA. The optimal growth conditions are described by Cook & Brown (1986) . The purity and characterization of the three corneal cell types were confirmed by immunofluorescence and electron microscopy. The experiments described below deal only with epithelial cells and keratocytes.
Lytic in lection in corneal cells and ACG treatment. Four confluent cultures of epithelial cells at passage number 6 and keratocytes at passage number 8 (approx. 106 cells/flask) were each infected at a m.o.i, of I p.f.u./cell. Virus was adsorbed for 1 h at 37 °C, then cultures were washed twice with phosphate-buffered saline (PBS). Epithelial cell cultures were incubated at 37 °C for 24 h, with medium containing 10 ~tM-ACG, with medium containing ACG pre-incubated at 42 °C for 48 h, or control medium. Keratocyte cultures were treated similarly. The cultures were harvested after 24 h and the yield of cell associated virus was determined by titration on BHK/C13 cells.
Non-productive infection in corneal cells and A CG treatment. Forty-four confluent cultures each of epithelial cells and keratocytes were grown in 25 cm 2 flasks (approx. 10 ~ cells/flask) at 37 °C. The epithelial cells were at passage number 8 and the keratocytes at passage number 7 (keratocytes are capable of replication in vitro). Cultures were maintained for 24 h at 42 °C prior to HSV-1 infection.
The cultures of each cell type were divided into two groups [A (treated with ACG) and B (control without ACG)] of 22 flasks. Flasks 1 to 10 were infected at a m.o.i, of 0.0005 p.f,u./cell, flasks 11 to 20 were infected at a m.o.i, of 0.001 p.f.u./cell while flasks 21 and 22 were not infected with virus (MI). All flasks were kept at 42 °C. In this series of experiments 42 °C was used in preference to 41.5 °C (Cook & Brown, 1986) . As 42 °C was not detrimental to cell growth it was considered a more stringent temperature to eliminate virus replication.
From day 0 (day of infection) the medium was changed every second day and assayed for infectious virus. On day 10 post-infection the 22 group A flasks of each cell type had ACG added to a concentration of 10 ~ti. The ACG was constantly present for the next 5 days. Fresh ACG was added with each change of medium between day 10 and day 15 to the appropriate flasks. On day 15 flasks 1 and 11 from both groups A and B were superinfected at 37 °C. The remaining 20 flasks were transferred to 37 °C and the medium continued to be changed. All cultures were assayed for infectious virus every second day up to day 29.
On day 29 half of these cultures which had not reactivated virus spontaneously were superinfected, and DNA was extracted from the remaining half (see Fig. 1 ).
Assay for infectious virus. 0.5 ml of corneal cell medium was put onto confluent BHK21/C13 monolayers (10 s cells/plate). After a 45 min adsorption period the cells were overlaid with EC10 and incubated for 2 days at 37 °C. Cultures were stained with Giemsa and examined for virus plaques or c.p.e. Cultures were scored as positive for virus (+) or negative (-) . The amount of virus released was not quantified.
SuperinJection.Virus used for superinfection was the X2 variant of HSV-1 strain 17 (Brown et al., 1984) . Both ACG-treated and untreated cultures were superinfected either on day 15, i.e. immediately on transfer from 42 °C to 37 °C, or on day 29, i.e. after 14 days at 37 °C subsequent to incubation at 42 °C for 15 days. 
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The cultures were superinfected with X2 at a m.o.i, of 0-005 p.f.u./cell or 0.01 p.f.u./cell (10 times the original m.o.i, of strain 17). After adsorption and removal of unadsorbed X2 virus incubation was continued at 37 °C for 24 h. The cultures were harvested, virus was released by sonication and the samples were stored at -70 °C.
Restriction endonuclease analysis of progeny virus from superinfection experiments. Virus samples from superinfected cultures were titrated on BHK21/CI3 cells with the overlay medium containing human serum. A large number of single, well separated plaques were picked individually into 0.5 ml PBS containing 5 ~o calf serum and sonicated. Two-hundred ~tl of the single plaque samples was used to infect l06 BHK21/C13 cells. Progeny virus was harvested from these cultures after 48 h at 37 °C and used for restriction endonuclease analysis.
Restriction enzyme analysis was carried out using the Linbro well method described by Lonsdale (1979) . HSV-1 strain 17 DNA and the X2 variant DNA were used as controls.
DNA-DNA hybridization. DNA was extracted from half the cultures which had failed to shed infectious virus after 14 days at 37 °C. The method used was as described by Stow et al. (1983) .
Medium was removed from the cultures and the cells were lysed with buffer (0-6~ SDS, 1 mM-EDTA, 10 mM-Tris-HCl pH 7"5) plus 500 lag/ml Pronase for 4 h at 37 °C. NaCl was added to a final concentration of 200 mM. After sequential extraction with phenol, phenol + chloroform and chloroform the DNA was precipitated with ethanol at -20 °C. The DNA was redissolved in Tris/EDTA containing 10 ~tg/ml RNase T1 and digested for 2 h at 37 °C. DNA fragments from restriction endonuclease digests were transferred from agarose gels to nitrocellulose sheets (BA85, Schleicher and Schfill) and hybridized with nick-translated DNA by the method of Southern (1975) . Nick-translated DNA was made from total HSV-1 DNA and from a recombinant plasmid (pGX8) containing HSV-1 BamH] k (Davison & Wilkie, 1981) . Presoaking and hybridization were carried out at 75 °C in 15~ 20 × SSC, 10% 50 x Denhardt's buffer, 1 ~ 100 × salmon sperm DNA, 1 ~ 1 M-Tris-HC1 pH 7.5 and 73~ HzO. After extensive washing at 60 °C in t0~ 20 × SSC, 0-1~ SDS and 0-5~ 1-0 M-NazHPO4 pH 7, the sheets were dried and autoradiographed.
RESULTS
Lytic infection in corneal cells and ACG treatment
Epithelial cell cultures and keratocyte cultures gave virus yields of 3-5 × 108 p.f.u./flask and 2.0 x 108 p.f.u./flask in control medium. After 24 h no virus was detected from the cellassociated fractions of the cultures incubated with 10 ~tM-ACG. Similarly epithelial cell cultures and keratocyte cultures gave no virus yield when treated with medium containing 10 p.M-ACG that had been preincubated at 42 °C for 48 h prior to the lytic infection at 37 °C. The control epithelial cell culture and keratocyte virus yields were 2 x l09 p.f.u./flask and 109 p.f.u./flask respectively.
Latency or persistence in corneal cells
We have shown previously that following infection with HSV at input m.o.i, of 0.01 and 0.1 p.f.u./cell, corneal epithelial cells, keratocytes and endothelial cells are capable of supporting a non-productive HSV-1 infection at 41-5 °C (Cook & Brown, 1986) . The possibility remained that the assay system used was not sensitive enough to detect very low levels of virus in keratocytes and endothelial cells at 41.5 °C and that cells in all cases were merely supporting an undetectable low level persistent infection. In an attempt to resolve this point ACG was added to the culture medium at the non-permissive temperature. The protocol for the experiments is shown in Fig. 1 . From day 0 to day 29, the overlay medium was changed every second day and monitored for infectious virus.
The results of the infection in epithelial cells are shown in (1976).
the 1st and 2nd day post-infection and in one case on the 4th day. In four of the epithelial cell cultures no infectious virus was detectable on the days immediately after infection and in three of these none was detected subsequently. Virus was not detectable in the culture medium of any of the infected cultures between day 4 and day 15. On transfer to 37 °C on day 15, cultures 1 and 11 in each group were immediately superinfected. The remainder were monitored for infectious virus up to day 29. Of the group A epithelial cells eight cultures released virus at 37 °C and 10 remained negative. Of the group B epithelial cultures, 11 released virus and seven did not. Similarly in keratocyte cultures in group A, 11 became positive while seven remained negative and in group B, 12 were positive and six negative. Virus was first detected between days 17 and 27. Some cultures shed virus for several consecutive days until the cell sheet was totally destroyed (e.g. culture 19 of epithelial cells in group B). Others shed detectable virus on one occasion only (e.g. culture 13 of keratocytes in group A).
Treatment of the infected cells with 10 gM-ACG for 5 days at 42 °C prior to transfer to 37 °C did not significantly change either the frequency or rate of spontaneous reactivation at 37 °C although reactivation seemed to occur slightly earlier in the cells that had not been treated with ACG.
Isolation of latent wild-type genomes and recombinants after superinfection
Cultures 1 and 11 of groups A and B of both keratocytes and epithelial cells were superinfected with the X2 mutant virus on day 15 immediately after transfer from 42 °C to 37 °C. The XbaI and four other restriction endonuclease maps of Glasgow strain 17 are shown in Fig. 2 . Superinfection was at a m.o.i, of either 0.005 p.f.u./cell or 0.01 p.f.u./cell, such that the m.o.i, of superinfection was 10 times that of the initial infection. The superinfected cultures were harvested after a further 24 h incubation at 37 °C, and the progeny virus was released by sonication and then titrated. From each of the progeny virus samples 48 single plaques were isolated (making a total of 384), grown into small plate stocks and their DNA was analysed using XbaI. All 48 plaques from epithelial cell flask A1 had the XbaI profile of the superinfecting mutant X2 (Fig. 3, lane 4) . From epithelial cell flask All, one of the 48 plaques had a novel profile (Fig. 3, lane 3) . The 48 plaques from epithelial cell flask BI had the X2 XbaI profile, but from flask B11 six isolates had XbaI profiles different from X2. Three had the strain 17 wild-type XbaI profile (Fig. 3, lanes 1 and 5) , two had the same profile as shown in Fig. 3, lane 3 , and one had a second novel profile (Fig. 3, lane 6) . The 192 plaques from the keratocyte cultures showed XbaI profiles of the superinfecting X2 virus. This is clear evidence not only that superinfection of the epithelial cells had allowed retrieval of the original strain 17 wild-type virus genome but also that recombination had occurred between the resident genomes and the superinfecting genomes. The XbaI profile in Fig. 3, lane 3 showed missing b, c and g bands but the d and e bands had been regained. This means that in cultures A11 and B11 recombinants had been generated which contained the XbaI site at 0.63 map units but still missed the 0.07 map unit site (Recombinant l). The profile in Fig. 3, lane 6 shows a new band running between XbaI g and XbaI f To characterize this isolate further, XbaI/HindlII, XbaI/HpaI and XbaI/KpnI double digestions were carried out. For reference the HindlII, HpaI and KpnI restriction endonuclease maps are given in Fig. 2. Fig. 4 shows the HindlII/XbaI digest in which the new isolate (Recombinant 2) was compared to wild-type strain 17 and the superinfecting X2 virus. The XbaI sites at 0.29 and 0.45 map units cut the HindlII a fragment to give three new a' fragments. The other XbaI sites do not affect the HindlII profile. It can be seen in Fig. 4 , lane 2 that in Recombinant 2 the HindlII d band was missing and the joint fragments containing d, i.e. b and c, are also missing. Three new bands can be seen: a 1.5 M band running above g, a 0.25 M band running w i t h f a n d a 0.5 M band running with d and e. This we interpret as being due to a new XbaI site at approximately 0.74 map units giving rise to 1 M and 0.5 M fragments of approximately the same size, i.e. 10 x 106 mol. wt., and new joint fragments ofmol, wt. 18.5 x 106 and 14.5 × 106. The XbaI/HpaI digest (Fig. 4, lane 5) showed a missing s band and confirmed the position of the new XbaI site. The two expected new bands were too small to be seen on this gel. As expected the XbaI/KpnI digest of Recombinant 2 showed a missing g fragment and two new fragments of mol. wt. 6 × 106 and 1 × 106 formed by the new XbaI site (Fig. 4, lane 8) .
It would appear therefore that superinfection with X2 generated a genome containing the 0-29 and 0-45 map unit sites and a novel XbaI site at 0-74 map units (Recombinant 2). 17 (lanes 1, 4, 7) ; 8); X2 (lanes 3, 6, 9) . Symbols as in Fig. 3 .
Cells which had survived to day 29 without shedding virus were also superinfected with the X2 mutant of strain 17 at 37 °C. These were epithelial cell group A flasks 3, 4, 12 and 16, epithelial cell group B flasks 2, 3 and 12, keratocyte group A flasks 2, 3, 14 and 16 and keratocyte group B, flasks 2, 3, 16 and 17. The DNAs from 48 progeny plaques each from epithelial cell flasks A12 and B12 and 96 plaques each from keratocyte flasks A14 and B16 were subjected to restriction endonuclease analysis by XbaI.
From the epithelial cell group A12 progeny, 45 plaques showed the X2 XbaI profile, two showed a wild-type profile and one a profile indicating a recombinant with the XbaI die site at 0.63 map units regained (Fig. 3, lane 3) . From flask B12, 47 of the progeny plaques had the superinfecting X2 profile and one had a profile indicating a further recombinant (Fig. 3, lane 2) . It can be seen that the b and g bands were regained. The profile denoted a recombinant with a regained 0.07 XbaI site, but with the 0.63 site still missing (Recombinant 3).
Each of the 192 plaques isolated from the keratocyte cultures showed a D N A profile equivalent to the superinfecting X2 virus. Neither recombinants nor reactivated input virus was detected.
DNA-DNA hybridization
In addition to the superinfection experiments, cells which had failed to shed infectious virus up to 29 days post-infection were probed for viral DNA using the Southern blotting technique. Total DNA was extracted as described in Methods from the epithelial A group cells in flasks 9, 10, 17 and 20, epithelial cell group B flasks 9 and 20, keratocyte group A flasks 4 and 20 and keratocyte group B flasks 4, 9 and 20. Reconstruction experiments were set up using the epithelial cells and the keratocytes infected at m.o.i, of 5, 1 or 0.00l p.f.u./cell and the D N A was extracted after 24 h incubation at 37 °C. The probes used were 32p-labelled nick-translated total strain 17 wild-type DNA and the BamHI k joint fragment containing the s and g end fragments (Fig. 2) . The results for the keratocyte B group, which are representative, are shown in Fig. 5 Using both the total HSV-1 DNA and the BamHI k fragment, viral DNA could be detected in the reconstruction controls of epithelial cells and keratocytes infected at 5 or 1 p.f.u./cell but not those at 0.001 p.f.u./cell. No viral DNA could be detected in any of the test epithelial cell and keratocyte culture DNAs.
DISCUSSION
The isolation of HSV from explanted human corneas (Shimeld et al., 1982; Tullo et al., 1985) raises the question of whether the cell types found in the cornea are capable of supporting a latent or persistent viral infection. Our findings suggested that all three cell types are capable of supporting a latent infection and at certain mo.i. values epithelial cells are capable of supporting a persistent infection (Cook & Brown, 1986) .
The nucleoside analogue 9-(2-hydroxyethoxymethyl)guanine (acycloguanosine) has been shown to be an effective and extremely selective antiviral agent blocking the replication of several herpesviruses both in vitro and in a number of animal models (Elion et al., 1977; Schaeffer et al., 1978) . If low levels of replicating virus are present in corneal cell cultures at s.D. COOK AND S. M. BROWN 42 °C, incubation in the presence of ACG will eliminate such virus and on transfer to 37 °C there should be no release of infectious persistent virus. However if the virus genomes are present in a latent form inaccessible to ACG, treatment should have no effect.
It has been shown by Schaeffer et al. (1978) that the IDs0 of ACG for the ICI strain of HSV-1 as measured by plaque reduction on Vero cells was 0.1 p.M. We have shown that 10 ktM-ACG is effective in blocking the lytic cycle of HSV at 37 °C in rabbit corneal epithelial cells and keratocytes, and that incubation of ACG at 42 °C for 48 h does not inactivate the effect of ACG on a subsequent lytic infection at 37 °C. The time interval between medium changes was 48 h in our in vitro system. We have used a 100-fold higher concentration, 10 ~tM, which was optimal for virus inactivation without a cytotoxic effect. Our results show that the presence of this high ACG concentration for 5 days prior to transfer to 37 °C did not affect the number of cultures shedding virus, nor did it significantly alter the onset of first virus release or the duration of shedding. This conclusion applied to both epithelial cells and keratocytes and to both initial infecting multiplicities. It would appear therefore that rabbit corneal keratocytes and epithelial cells are both capable of supporting a latent infection. The latent infection has been obtained by temperature elevation to 42 °C and we have already shown that cellular stress proteins are induced in corneal cells at 41.5 °C (Cook & Brown, 1986) . At 42 °C the virus genomes must be non-replicating and therefore unaffected by ACG but they must retain the potential to initiate replication within 48 h of shift to 37 °C.
To determine whether it was possible to reactivate virus from latently infected cultures before spontaneous virus release, superinfection experiments were carried out. To maximize the chance of both reactivation of resident HSV from the corneal cultures and recombination between resident and superinfecting genomes, we chose to superinfect the latently infected cells with the X2 mutant of HSV-1 strain 17 (Brown et al., 1984) . This mutant has lost the XbaI sites at 0.07 and 0-63 map units.
XbaI analysis of the progeny from cells superinfected on day 15 immediately after transfer to 37 °C showed that of 192 plaques analysed from the epithelial cultures, 185 had the profile of the superinfecting virus and seven had KbaI profiles differing from the superinfecting virus. Three had the XbaI profile of the original infecting virus and were either true reactivants or recombinants and four had profiles indicative of recombinant virus. Three of the four recombinants had regained the XbaI site at 0.63 but still lacked the site at 0.07 map units. Two of the three recombinants may have been clonally related as they came from the same superinfected cell culture flask. The third came from a separate epithelial culture which had been treated with ACG. The fourth recombinant isolated from epithelial cells had gained a new XbaI site at 0.74 map units. This may have been generated by illegitimate recombination and the insertion of an existing XbaI site from one of four places into a novel position at 0.74 map units. Southern blotting experiments indicated that the new site had not arisen from one of the existing XbaI sites unless it was within an insert of less than 150 base pairs. Other possibilities are that either a spontaneous mutation generated a new XbaI site or that the site was derived from a host insert.
It is possible that by superinfecting immediately on transfer to 37 °C, virus was being reactivated which would have been released spontaneously and that superinfection was merely speeding up the process. To determine whether cultures which had failed to shed virus after 14 days at 37 °C contained virus genomes, similar superinfection experiments were carried out on day 29 post-infection. As a random sample the DNAs from 96 single plaques from ACG-treated and untreated epithelial cultures and 96 from equivalent keratocyte cultures were analysed. The superinfecting X2 profile was present in 92 of the plaques from epithelial ceils, two had a wildtype profile, one had a recombinant profile with the 0.63 map unit site regained. The 96 plaques analysed from the keratocyte cultures all had the superinfecting X2 profile.
It is evident therefore that after removal from the conditions inducing latency, corneal epithelial cells are capable of continuing to harbour HSV-1 in a latent form for at least 14 days without shedding infectious virus. The genomes cannot be present as persistent intact infectious virus but the DNA must be in a state where it can readily be used to produce infectious particles as evidenced by the isolation of virus with the wild-type profile, at least a proportion of which is HSV-1 latent infection of corneal cells 823 assumed to be reactivated input virus. In addition the isolation of recombinants suggests that the resident DNA readily interacts with the superinfecting genomes. The way in which the single plaques were isolated and their DNA analysed precludes the generation of recombinants in any but the corneal cells. The data do not distinguish between the HSV-1 DNA being in the cells as episomes, concatemers or integrated into the host chromosomes. Intertypic recombinants have been isolated from rat embryo transformed cells (Park et al., 1980) but this is the first report of isolation of recombinants from latently infected cultured cells. It could be argued that the regaining of the sites at 0.07 and 0.63 is due to spontaneous reversion at these sites. The loss of the 0.63 site is due to a 150 base pair deletion, and so spontaneous reversion does not come into question. The 0.07 site could be regained by a base change but the DNA analysis of several thousand single plaque stocks of X2 has not brought to light a single revertant for the 0-07 site (A. Maclean, personal communication).
Infecting at a m.o.i, of 0-001 p.f.u./cell, the maximum number of cells infected would be 103. Superinfecting at a m.o.i, of 0.01 p.f.u./cell would mean that 1 in 105 cells would be doubly infected. The calculation is theoretical and does not take into account the actual number of cells which would be infected initially or on superinfection, the particle : p.f.u, ratios of the stocks or any virus replication taking place at 42 °C. In 106 cells, 10 at most would be doubly infected. For every one doubly infected cell 103 will be infected with X2. Resident input virus, i.e. wild-type for XbaI sites, has been isolated at a frequency of 2~ in epithelial cells. This is 20-fold higher than expected. There are several possible explanations for the relatively high frequency of reactivation. (i) The ts + virus has a growth advantage over X2. This is unlikely, as one-step growth experiments have shown that X2 and its parental virus have equivalent growth rates (Brown et al., 1984) . (ii) Reactivation of the wild-type virus does not require the superinfecting virus to be in the same cell but is dependent on a viral product synthesized by the superinfecting virus in surrounding cells. (iii) Assuming that both resident and superinfecting virus require to be in the same cell for reactivation to occur there has to be limited replication of the original input virus at 42 °C such that the number of doubly infected cells is 20-fold higher than calculated from the initial m.o.i. The frequency of isolation of recombinant virus was also about 2~. For recombination to occur both genomes must be in the same cell. (iv) It is possible that particle: p.f.u, ratios of the virus stocks may affect the number of cells both initially infected and superinfected. Our strain 17 stock had a particle :p.f.u. ratio of 1:10 and the X2 stock a particle : p.f.u, ratio of 1 : 35. The contribution made by non-infectious particles would therefore be minor. (v) If the original infecting genome is integrated into the host chromosome or is episomal and there is some cell division, then the number of cells containing HSV would be higher than expected. Corneal epithelial cells divide and we have shown previously that they are capable of division at 41.5 °C (Cook & Brown, 1986) . (vi) After reactivation there is time for a round of viral replication within 24 h.
Southern blotting with whole HSV-1 genomes or with joint fragments failed to detect HSV information in latently infected cells. In reconstruction experiments HSV was detectable at input m.o.i, of 5 or 1 p.f.u./cell but not at 0.001 p.f.u./cell.
The ability of rabbit corneal epithelial cells to support a latent infection gives credence to the possibility that in man recurrent episodes of herpes keratitis may be due to reactivation of virus from a latent state in the cornea itself in addition to reactivation from dorsal root ganglia. In conjunction with evidence from the mouse model system, where HSV has been shown to be latent in the skin of the footpad (A1- Saadi et al., 1983) , our work would support the hypothesis that HSV does not require cells of neurological origin in order to establish and maintain a latent infection.
